behaviorally and ecologically to changes caused by deforestation is essential to designing 25 conservation management plans. During a 12-month period, we studied the effects of habitat loss 26 and degradation on the Ethiopian endemic, bamboo specialist, Bale monkey (Chlorocebus 27 djamdjamensis) by comparing its habitat quality, activity budget, ranging ecology and habitat use 28 in continuous forest and two fragments. We found that habitat loss and fragmentation resulted in 29 major differences in vegetation composition and structure between forest types. We also found 30 that Bale monkeys in continuous forest spent more time feeding and traveling and less time 31 resting and socializing than monkeys in fragments. Bale monkeys in continuous forest also had 32 higher movement rates (m/hr) than monkeys in fragments. Bale monkeys in continuous forest 33 used exclusively bamboo and mixed bamboo forest habitats while conspecifics in fragments used 34 a greater variety of habitats including human use areas (i.e., matrix). Our findings suggest that 35
djamdjamensis) by comparing its habitat quality, activity budget, ranging ecology and habitat use 28 in continuous forest and two fragments. We found that habitat loss and fragmentation resulted in 29 major differences in vegetation composition and structure between forest types. We also found 30 that Bale monkeys in continuous forest spent more time feeding and traveling and less time 31 resting and socializing than monkeys in fragments. Bale monkeys in continuous forest also had 32 higher movement rates (m/hr) than monkeys in fragments. Bale monkeys in continuous forest 33 used exclusively bamboo and mixed bamboo forest habitats while conspecifics in fragments used 34 a greater variety of habitats including human use areas (i.e., matrix). Our findings suggest that 35
Bale monkeys in fragments use an energy minimization strategy to cope with the lower 36 availability of the species' primary food species, bamboo (Arundinaria alpina). We contend that 37
Bale monkeys may retain some of the ancestral ecological flexibility assumed to be characteristic 38 of the genus Chlorocebus, within which all extant species except Bale monkeys are regarded as 39 ecological generalists. Our results suggest that, like other bamboo eating primates (e.g., the 40 bamboo lemurs of Madagascar), Bale monkeys can cope with a certain threshold of habitat 41 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 measured and recorded the following variables for all large trees with a diameter at breast height 168 (DBH) ≥ 10 cm: species name, growth form, DBH (cm) (using caliper or tape measure), height 169 (m) (Nikon 550 range finder) and canopy size/diameter (m) (tape measure). We randomly 170 selected 50% of the vegetation quadrats for each group within which we counted and identified 171 to species level all plants ≥ 2 m tall. We felt this was necessary because the monkeys depend not 172 only on large trees but also on bamboo, shrubs and forbs. We classified plant growth forms into 173 six categories: bamboo, large trees (≥ 10 cm DBH), small trees (≥ 2 m tall and < 10 cm DBH), 174 shrubs, lianas (including climbers and epiphytes), and forbs. We collected unidentified plant 175 species and pressed them for later identification by professional botanists at the National 176 Herbarium, Addis Ababa University. 177
In each group's home range, we quantified species richness, stem density, and species 178 diversity for all plants ≥ 2 m tall and trees ≥ 10 cm DBH. We quantified plant species diversity 179 using the Shannon-Wiener index of diversity, H´, dominance index, D and evenness index, J 180 [Krebs, 1999] . We also assessed plant species richness and similarity. Plant species similarity 181 was calculated by the Sorensen's (S) index of similarity coefficient using EstimateS [Colwell ,21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60   F  o  r  P  e  e  r  R  e  v  i  e  w young leaves, fruits, flowers, and shoots for each individual plant species. We calculated a 206 monthly food availability index (FAI) for each plant part by multiplying the mean phenology 207 scores of species i with the mean basal area of species i and density of the corresponding species 208 i per ha [Fashing, 2001b] . 209
210

Activity Budget 211
After two months of practice data collection, AM collected activity data with the help of two 212 well-trained research assistants from July 2013 through June 2014. From ca 0700 to 1730, these 213 data were collected via instantaneous scans [Altmann, 1974] We calculated the proportions of time spent on different activities by dividing the number of 226 behavioral records for each activity category with the total number of activity records. We used 227 the behavioral records of the group to calculate the activity budgets per day and averaged within 228 [Rodgers et al., 2015] . To estimate home range and core area overlap between 253 adjacent groups, we used ArcGIS analysis tools to intersect the corresponding home ranges and 254 core areas of adjacent groups. We defined home range overlap as the percentage of the area 255 shared by adjacent groups relative to the total home range used by each group. To assess the 256 influence of patch effect in each group's home range, we calculated a shape index (perimeter-to-257 area ratio) of 95% KDE by dividing its perimeter (m) by the square root of home range size (m 2 ) 258 multiplied by π. Shape index values usually vary from 1 (more circular) to >5 (more elongated 259 and irregular) [Forman and Godron, 1986] . A shape index value indicates the patch area exposed 260 to the edge [Helzer and Jelinski, 1999] . 261
To estimate hourly movement rates (MVRs, m/h), we used complete days as well as 262 incomplete days with group follows of ≥ 7 hrs. We first converted the consecutive GPS locations 263 of each study group to point shapefile in ArcGIS 10.3 and measured daily path length using two 264 commands in GME (convert.pointstolines and addlength). We calculated hourly movement rate 265 habitat selection ratio close to 1 indicates no selectivity for that habitat, < 1 indicates a habitat is 291 avoided and > 1 indicates a habitat is selected. 292 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w Levene test (P > 0.05). We initially calculated and compared all the variables for each Bale 298 monkey study group individually and examined the differences using a one-way ANOVA model 299 followed by Tukey's HSD post hoc test. When the results for the two continuous forest or the 300 two forest fragment groups showed the same general patterns, we then combined them into a 301 single continuous forest or forest fragment category unless otherwise stated. To examine 302 differences across groups in general habitat characteristics and monthly movement rates, we used 303 a one-way ANOVA after we log transformed the data to fit the assumption of normality. We also 304 used a one-way ANOVA test for differences in monthly activity budgets among groups in 305 continuous forest and forest fragments. We performed logit transformations of proportion data 306 prior to statistical analysis to normalize the data as recommended by Warton and Hui [2011] . 307 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Forest than in Hilltop fragment (Table I) . Large trees (≥ 10 cm DBH) were also more abundant 323 in Continuous forest (mean = 198.3 stems/ha) than in the fragments (mean = 138.1 stems/ha). 324
However, shrubs were far more abundant in fragments (mean = 979.2 stems/ha) than in 325 continuous forest (mean = 65.0 stems/ha) ( Table I) . 326
The basal area of large (≥ 10 cm DBH) food trees was nearly 3-times higher in continuous 327 forest (mean = 2292.0 cm 2 /ha) than in fragments (mean = 780.2 cm 2 /ha) (Table I) . Further, Bale 328 monkeys had significantly higher monthly food availability indices of bamboo young leaves 329 (ANOVA: F = 544.00, df = 1, P < 0.001), non-bamboo young leaves (ANOVA: F = 17.17, df = 330 1, P < 0.001), and fruits (ANOVA: F = 4.19, df = 1, P = 0.05) in continuous forest than in forest 331
fragments. 332 333
Activity Budget 334
Bale monkeys in all study groups spent most of their time feeding (51.5-56.2%), followed by 335 moving (17.5-25.3%), resting (12.0-18.1%), socializing (2.8-12.7%) and vocalizing (0.3-4.8%) 336 (Fig. 2) . Groups in continuous forest spent significantly more time feeding (55.5% vs. 52.3%; 337 ANOVA: F = 4.9, df = 1, P < 0.001), moving (24.7% vs. 18.6%; ANOVA: F = 34.1, df = 1, P < 338 0.001) and vocalizing (4.6% vs 0.6%; ANOVA: F = 181.3, df = 1, P < 0.001) and significantly 339 less time resting (12.2% vs. 17.6%; ANOVA: F = 30.4, df = 1, P < 0.001) and socializing (2.9% 340 vs. 10.9%; ANOVA: F = 57.4, df = 1, P < 0.001) than groups in forest fragments. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w Patchy and Hilltop fragment groups each overlapped with one adjacent group, although we did 347 not carry out a systematic study to determine the amount of overlap. The Patchy fragment group 348 had a larger annual core area than groups at the other sites ( Fig. 3 ; Table II 16.77, df = 1, P < 0.001) (Table III) . 355
356
Habitat Use 357
The home ranges of continuous forest groups consisted solely of bamboo and mixed-bamboo 358 forest habitats while Patchy fragment group used five and Hilltop fragment group four habitat 359 types ( Fig. 4 ; Table IV). Continuous A used both bamboo and mixed bamboo forest in 360 accordance with their respective availabilities in its home range. However, Continuous B used 361 the bamboo forest significantly more than expected based on its percentage representation in the 362 home range. Patchy fragment group used mixed-bamboo forest and shrubland more than 363 expected while using grassland, tree-dominated forest and cultivated land less than expected. 364
Hilltop fragment group used shrubland and tree-dominated forest more than expected, and 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 bamboo and large food trees, suggesting that the continuous forest was of much higher habitat 379 quality than the forest fragments. In Malagasy forests, which also contain primate bamboo 380 specialists (bamboo lemurs: Hapalemur spp.), habitat destruction has also been demonstrated to 381 increase plant species richness, but lower the density of food plants, leading to reduced overall 382 habitat quality for lemurs in forest fragments [Tan, 1999; Grassi, 2006] . Furthermore, 383 fragmentation-induced reduction in habitat quality may lower carrying capacity and group size, 384 adversely affecting the long-term viability of primates occupying fragments [Arroyo-Rodríguez 385 and Mandujano, 2006]. In our study, group size was indeed much lower in forest fragments 386 (mean=25.5 individuals, n=2 groups) than in continuous forest (51.5 individuals, n=2 groups), 387 though we lack the population density data necessary to evaluate the possibility of differences in 388
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